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@ An ink composition for ink jet printers. 



(57) This invention relates to an ink jet composition for use in 
ink jet printers. The ink composition includes an aqueous 
solution of a copolymer of styrene and acrylic acid of a 
molecular weight of about 10,000 and in about a 2 to 1 ratio, 
a volatile base capable of solubilizing said copolymer and a 
dye which is compatible with said copolymer. 
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AN INK COMPOSITION FOR INK JET PRINTERS 

The present invention relates to an ink composition for use in 
ink jet printing devices. 

Due to the often contradictory requirements imposed upon ink 
jet printing liquids, it has been generally recognized that no 
single ink should be expected to meet all requirements* Thus, prior 
inks have been formulated which print with widely varying print 
quality and archival properties on a limited number of substrates or 
papers . 

To obtain high print quality on a wide variety of substrates 
for example absorptive papers, nonabsorptive papers and Mylar, it is 
necessary for the ink to set-up in its own matrix above the substrate's 
surface, minimizing penetration and spreading. A penetrating ink 
generally shows varying degrees of reduced density on absorptive 
substrates as the dye penetrates below the fibres. If the dye 
penetrates into the fibres across the substrate, feathering and poor 
print quality results. Adequate ink wettability of nonabsorptive 
substrates is necessary for high print quality. 

To obtain improved archival properties, the ink must undergo an 
irreversible change as it dries; that is, it is thereafter insensitive 
to the presence of water. Although inks containing direct dyes, 
with penetrants or surfactants, exhibit some waterfastness on absorp- 
tive substrates, a reversible equilibria exists between dye, water 
and substrate, and therefore maximum waterfastness is not obtained. 
On nonabsorptive substrates, greatly reduced waterfastness is 
evident. Ideally, archival and reliability considerations require 
that dry ink can redissolve in the ink liquid itself, and yet that 
it is insoluble in water per se. 

The prior art has recognized that the addition of resins to ink 
jet ink will improve the adhesion and longevity of the printed image 
formed by the ink. Also, it is known that the addition of surfactants 
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will increase the rate of the ink's penetration into the recording 
surface and thereby reduce drying time. 

U. S. Patents 3,687,887; 3,846,141 and 3,903,034 all deal with 
aqueous based ink jet ink systems which include a resinous binder 
constituent. In patent 3,687,887, this constituent is preferably a 
styrene-maleic anhydride copolymer type resin. Here it is stated 
that this resinous component can be extended by as much as 100 
percent by the combination with other resinous materials such as the 
polyacrylic resin solution Joncryl 60 or any other water soluble 
resin compatible with the styrene-maleic anhydride resins. This 
patent also suggests the use of glycol ethers to act as a humectant 
to prevent drying of the ink in the jet orifice during normal down 
time, and to prevent flake- cff of the ink image when printed on a 
photographic film base. 

In U. S. Patent 3,846,141, inks of this general type are also 
described and polyethylene glycol is listed as an appropriate humectant. 
It is stated that this ink formulation can be modified to include a 
base such as ammonium hydroxide. As with the foregoing patent, a 
preservative such as Dioxin may be added to inhibit growth of bacteria. 

U. S. Patent 3 f 903,034 suggests the use of Carbowax 200, a 
polyethylene glycol. U. S. Patent 3,870,528 deals with ink jet inks 
having absorptivity in the visible and near infrared regions, and 
suggests the use of sodium omadine as a fungicide or anti-bacterial 
agent, and Triton X-100 as a surfactant. 

In U. S. Patent 3,945,836, a dye is especially synthesized to 
be soluble in a certain hydrocarbon, and styrenated alkyd resin is 
used to promote adhesion to the surface being marked with a marking 
pen. 
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U. S. Patent 4,072,644 suggests a water based printing ink 
having a polymeric additive, e.g., a styrene/maleimide interpolymer , 
which is water soluble and which gels when the water evaporates, to 
thereafter be water- insoluble . 

U. S. Patent 4,024,096 addresses the problem of an ink. jet ink 
for use in printing onto- glass or other glazed ceramic surfaces, and 
proposes the use of a novolac resinous binder and dyestuffs in an 
amount sufficient to give the desired colour intensity, usually in a 
concentration within the range of 0.4 to 5% by weight, and preferably 
0.6 to 3% by weight of the ink composition. Both water and alcohol 
are used as liquid carrier, with water present in an amount up 
to 80% by weight, and preferably in an amount up to 50% by weight of 
the alcohol. 

In the field of printing pastes for textile fibres, 0. S. 
Patent 3,978,016 suggests the use of a latex thickener including a 
water-soluble copolymer consisting of an aqueous dispersion of a 
copolymer containing in interpolymerized form an ester which forms 
water-insoluble homopolymers, one or more monomers containing an 
ethylenic linkage and one or more polar groups, and one or more 
monomers containing several ethylenic linkages. 

U. S. Patent 4,070,322 describes a ketone based ink jet ink 
which acts upon printed surfaces formed of synthetic resinous 
materials or plastics to cause softening or swelling whereby stronger 
and more permanent adhesion of the dried ink characters can be 
obtained to this printed surface. The presence of vinyl acetate 
copolymer is said to provide for improved adhesion. 

D. S. Patent 3,053,814 deals with a composition of imides of 
isobutylene/maleic anhydride interpolymers useful as components in 
waxes, polishes, paints, etc. to form water insensitive films. 
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These compositions are said to be soluble in water containing ammonium 
hydroxide, but upon exposure to air and loss of ammonia the solution 
gels and the gel dries to water insoluble films • The imides are 
substantially linear polymers containing no appreciable amount of 
cross-linking. 

According to the invention there is provided an ink composition 
for use in ink jet printers characterised in that the composition 
includes an aqueous solution of a copolymer of styrene and acrylic 
acid, a volatile base capable of solubilizing said copolymer and a 
dye which is compatible with said copolymer in that particles are 
not formed in the solution and in that said dye remains associated 
with said copolymer in the subsequent dry state. 

While the prior art suggests the use of copolymers of styrene 
and acrylic acid in ink jet inks, these prior art teachings suggest 
only the use of those copolymers as extenders for a different, main 
binder polymer. We surprisingly have found that an ink jet ink 
whose sole binder constituent comprises a copolymer of styrene and 
acrylic acid provides the capability of ink jet printing on both 
absorbent and nonabsorbent substrates, where the printed characters 
have sharp edge definition, are optically dense, are waterfast, and 
retain these properties for long periods of time, and is much improved 
in these functional properties. 

This invention provides a water based ink jet printing ink 
capable of producing high quality, high density images on a wide 
variety of substrates, while maintaining good archival properties. 
The ink formulation including water soluble dye, ammonia soluble 
acrylic binder, plasticizer, humectant, surfactant, biocide, chelating 
agent, and ammonium hydroxide produces an ink jet ink solution that 
is capable of being printed on a variety of substrates, both absorptive 
and nonabsorptive. This ink sets up in its own matrix, above the 
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substrate, and is waterfast and wet smear resistant upon setting. 
At the same time, this ink produces high quality, high density 
images . 

It has been found that acrylic binders that are soluble in a 
base, such as ammonium hydroxide, and insoluble in water, when 
formulated with compatible dyes and fugitive amines, yield waterfast 
images on a variety of nonabsorptive and absorptive substrates. 

The present invention requires a binder that is a copolymer of 
acrylic acid. The carboxylic acid group is an active group capable 
of being solubilized in the ink by a fugitive amine such as ammonia. 
The other binder constituent is a compound of a group such as styrene 
which helps insolubilize the copolymer of acrylic acid once the ink 
is printed and some of the amines are driven off. The resulting 
copolymer of styrene and acrylic acid is of a molecular weight about 
10,000, and the styrene to acrylic acid proportion by weight is 
about 2 to 1. one such binder is Joncryl 67, a styrenated acrylic 
from S. C. Johnson Co. In general, the binder is used in amounts 3 
to 15% by weight and preferably 8 to 11% by weight of the ink's 
composition. 

A dye is used that is compatible with the binder. That is, the 
dye and binder, in certain ratios, are capable of forming waterfast, 
smear resistant images. Certain acid, basic, direct, solvent and 
polymer dyes are effective. The enhanced archival properties of the 
ink of the present invention are thought to be a result of one or 
more of the following: entrapment of the dye in the insolubilized 
polymer film,- dye-to-polymer noncomplexed form of attraction; and/or 
the dye is complexed to the polymer. Examples of compatible dyes 
are Direct Black 19 (examples III and IV), Acid Black 2, Solvent Red 
124 (example I), Basic Red 12 (example II) and Acid Blue 90. The 
amount of colourant used is dependent on its purity and dye strength, 
and is limited by its solubility. In general, the dye or mixture of 
dyes is used in amounts of 1/2 to 8% by weight. 
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In addition to dye and binder, the ink contains several selected 
materials. The binder requires a plasticizer in order to obtain 
good print. Also, the ink must contain an anti-crusting agent so 
the ink will not have unreasonable start-up problems or stream 
misdirection. A polyethylene glycol such as Union Carbide Carbowax 
200 brand serves both as a plasticizer and anti-crusting agent and 
can be used in the proportion 3 to 12% by weight, preferably 4 to 
10% by weight. Carbowax is a water soluble lubricant, a known 
solvent for dyes, resins and proteins, and a known plasticizer for 
special printing inks. 

A surfactant can be used to adjust the surface tension so that 
smooth print is obtainable on a wide variety of substrates. The 
surface tension is adjusted to between about 30 to 40 dynes/cm. 
Triton GR5M, a water soluble surfactant from Rohm & Haas Co. which 
is dioctyl sodium sulf ©succinate is one example of an acceptable 
surfactant. 

Appropriate fungicide or anti-bacterial agent (s) , chelating 
agent (s), and solubilizing agent (s) may be used, and in general the 
type and amount will be dependent on the impurities in the ink and 
the dye solubility. Sodium omadine, a derivative of pyridinethione 
(sodium-2-pyridinethiol 1-oxide) having bactericide- fungicide properties 
is preferred, as is the organic chelating agent EDTA acid. NM2P (ti- 
me thy 1-2-pyrrolidone) is used as a solubilizing agent. 

The following four examples of formulations of ink jet ink 
embodying the present invention are given by way of illustration, 
and not by way of limitation. All percentages are by weight. Using 
the criteria of dye compatibility; that is, the dye and binder are 
capable of forming waterfast, smear resistant images, example IV is 
the preferred example for a black ink. Example I is a red ink, 
whereas example II is a magenta ink. 



Acetosol Fire Red 3GLS 

Joncryl 67 

Carbowax 200 

Na Omadine 

EDTA 4Na 

NM2P 

Cone. NH 4 OH (amine) 
Water 



II Astra Phloxine G 

Joncryl 67 

Carbowax 200 

Na Omadine 

EDTA 4Na 

Cone. NH OH 
4 

Water 



Pyrazol Black N 200% 
Amafast Orange 4GLL 
Joncryl 67 
Carbowax 200 
Triton GR5M 
Na Omadine 
EDTA 4Na 

Cone. NH OH 
4 

Water 



1.00% 
10.00% 
6.00% 
.10% 
.20% 
3.00% 
2.50% 
77.20% 



1.00% 
8.00% 
6.00% 
.10% 
-20% 
2.00% 
82.70% 



5.00% 
.88% 
10.00% 
9.00% 
.30% 
.10% 
.20% 
5.00% 
69.52% 
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IV Carta Black BI 3.99% 

Amafast Orange 4GLL .84% 

Joncryl 67 10.00% 

Carbowax 200 8.00% 

Triton GR5M .30% 

Na Omadine .10% 

EDTA 4Na .20% 

NM2P 3.00% 

Cone. NH OH 6.00% 
4 

Water 67.57% 



While not critical to the present invention, in preparing the 
inks of examples I-IV, the Joncryl 67 was first dissolved in the 
ammonium hydroxide, and the remaining constituents were then added 
to the solutions. The resulting solution was stirred for a period 
of time to dissolve all solids. The ink was then filtered through a 
0.2 micron filter. 

All four inks were printed by ink jet techniques on coated 
nonabsorbent and uncoated absorbent papers. The resulting print 
characters were of high quality, had good waterfastness and good 
archival properties. 
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CLAIMS 



1. An ink composition for use in ink jet printers ch a + 

-a t the composition includes an agu j s ; ol 2:;;;:zi:r d - 

styrene and acrylic acid, a volatile base ^ <* 

-t Particles are not formed in the solution „ L~ * 

remains associated with saifl „ ■. d dye 

with said copolymer in the subsequent dry state. 

2. An ink composition according to Claim i • v . 

" a styrenated acrvlic h, • " Said CC *°W 

jf nauea acrylic having a molecular weiaht- of u 

xync acid by weight being 2 to 1. 

3- An ink composition according to claim 1 or 2 in 

is ammonium hydroxide. WhlCh said base 

4- An ink composition according to any one of clai , 

which said dye is Direct Black 7 °^ ° f Cl — 1 ^ 3, in 

-sic Hen la or Acid filue 9Q a " ^ d 2 ' *>lvent « 124, 



5. An ink composition according to any one of the „ r „- 
Eluding . plastici2er , an ^ r ding claims , 

and a surfactant. chelating agent 



6- An ink composition according to any one of th. 

including 3 to 15% by Weight e , .„ 6 Precedin 9 claims, 

«y weight of said copolymer. 
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